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POLYIMIDE COATING COMPOSITIONS 



n«cJ!!f- '""^"V" '° P"'^'"'*"^ "^*i"9 compositions and in particular to polvimide 

passivation coatings which exhibit excellent solvent and solder flux resistance Polyimide 

. h™!S?"'' ^°'"P°^"'°"s Of siloxane modified polyimides when properly formulated have been 
LTn f f t" possess excellent electrical properties. However, these prior art formulations fail t^provide 
Sriri™ ^^^"'^^^ °' P^--^ Circuit boarH: 

In n^H?*"'^'' fTf " P'^'y'''^'''^^' 9«"e^3'. not processible. Many are insoluble and are not fusible 
In order to coat electncal devices with such compounds, it is necessary to either be able to solubmrl 1 

which are soluble In order to convert the soluble polyamic acids to insoluble polylides It is nSessTto 
expose them to high temperatures (e.g.. 250 0 to 400 " C) for several hours necessary to 

This treatment converts the amic acid form to the imide by a ring closure accompanied bv the 
e^mmation of water. The generation of water on the surface of electrical semiconductor ZcTs togetie' 

:.fct;L~tcrbeTsr ^^^'"^ °' ~^ ^^^^^- -^ 

to remTv: ^ a^e'loxic.'" "'"^ P°'^ «n be difficult 

.0 whiof^, '^odifk:ation of polyimides with siloxane moieties overcomes this problem by producing a polymer 
ietivi o, H-'tn? °' 'T"''- '"^""Slyme (dimethyl ether of ethylene gtycoD SigCe 

(dimethyl ether of diethylene glycol), toluene, methyl ethyl ketone, N-methyl ovrrolidone and Jim! 

methytene chloride mixture while held in a vertical position, followed by immersion in the boil mixture 
and finally by exposure to the mixture vapors again Acceotable oasJvatinn r-nLr^Zl ^ 
35 films which are insoluble in the flux removal solvents. "'''^'"^ Passivation compositions must provide 

The second criterion for passivation compositions arises at an eariier stage .n the fabrication of orinf«ri 

news and ,s cooMd. During this slsge. solder Ita may flow to any oornt on Iho suhslru. .nri 
.= pass..a.on flim, Tho «™ Is tyoicall, an abie.c acid rosin mlldl, Lm^JJ^^lZr^^^ 

% ! '«'"P^^^'"'«- *e solvent is burned off and the ceramic particles fused to a aSl 
deleterious effect of high temperature on the resistance value changes. For example, tantalum nitride 
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oxidizes to tantalum oxide, the latter having a very high resistance. High temperature affects the metallurgy 
of the metals used for the resistors causing phase changes and consequently resistance value changes. 
Quite often the electrical values of the resistors are changed under these conditions and have to be 
corrected by treatment with laser beams to restore their original geometry by trimming. This cuts a line 
opening in the glass coating exposing the metal resistor to oxidation during use. Further glass coating 
cannot be used because more resistor value changes would occur. 

Room temperature vulcanizable (RTV) silicone rubber have been used in place of the glass coatings. 
These are not satisfactory for several reasons. First of all. they are not screen printable which necessitates 
the treatment of each hybrid circuit in a jig to encapsulate separately. Secondly. RTV silicone rubbers have 
zero resistance to de-fluxing solvents. 

Silicone gels are equally deficient as passivation coating compositions. 

Eooxy resins are screen printable but their temperature-humidity bias(THB) performance is unsatisfac- 
tory RG Mancke discloses a THB test in IEEE Trans, on Components, Hybrids and Manufactunng 
Technology Vol. CHf^T-4, No. 4, Dec. 1981. This test for semiconductor assemblies measures the current 
leakage across a gap between two conductor traces of 3 mils over a 1000 hour period at a temperature of 
85' C and a relative humidity of 85%. Chips and other components must show a THB of 10 nanoamps or 

less to be acceptable. ^ ^ ^ r' m 

Epoxy resins also bleed or flow out during cure causing contamination of bond pads. Cured epoxy 
resins block pads, interfering with or actually preventing the soldering of leads or thermocompression 

Epoxy resins also induce corrosion problems through such curing catalysts as amines, acids, boron 
trifluoride and the like and halogen containing epihalohydrins used in their synthesis. This necessitates 
using silicon nitride or other anti-corrosion materials to protect electrical circuits. 

In addition to being solvent and solder resistant, passivation or encapsulating compositions should 
possess the following properties: 

(1) room temperature stability or shelf life 

(2) screen printability 

(3) capable of being packaged as a one component composition _ 

(4) processable at relatively low temperature, i.e., below about 180 C 

In solving the above problems in accordance with the invention, a soluble or fusible, thermally 
corsslinkable,storage stable coating composition having the properties delineated above is provided by a 
blend of a phenolic end-capped polyimide and a crosslinking amount of an epoxy resm having at least two 
1 ,2-epoxy groups per molecule. 

The nhannlic end-caooed polvimides of this invention may be prepared by the {imdM§at!on_eo!^ 
merization of a dianhydride, an organic diamine and p-aminophenol . In stoichiometric amounts they afford a 
compound having the generic formula:" " '■ - 
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wherein n is an integer between 0 and about 200. preferably 10 to 100; 
(k)is a tetravalent residue of an aronnatic dietherdianhydride having the formula: 
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where K is a substituted or unsubstituted group of the formula: 



70 




where W is -0-, -S-, -SOa. linear or branched alkylene or alkenylene having 1 to 8 carbons or -(R)C(L)- 
where R and L can be the same or different lower alkyls having 1 to 8 carbons or aryl groups having 6 to 
24 carbon atoms and m is 0 or 1 , and Y is one of the following or a mixture thereof: 
(a) a divalent residue of an aromatic dietherdiamine having the formula: 



25 




wherein G is substituted or unsubstituted group of the formula: 
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where E is -S-, -SOs-. linear or branched alkenyi or alkenylene or 1 to 8 carbons or -(R)C(L)- where R. L 
and m are as defined above, and 

(b) a divalent residue of a diaminopolysiloxane having the formula: 

R' 
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H N4-Q-Z^ D-Si- 
2 m I 
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wherein 
Q is arylene 

Z is a divalent oxygen, sulfide, sulfone, sulfoxide or carboxylic ester or amide group 
D is a hydrocarbylene group 

R . R , R" and R are the same or different alkyls having 1 to 8 carbons, and 
X, y and z are integers having values of 0 to 1 00. 

Preferred compounds are those In which W is S and E is either -SO2 or -(methyl)C(methyl)-. It is 
especially preferred that E is -(methyl)C(methyl)- in siloxane-containing polyimides and E is -SO2- in non- 
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siloxane-containing polyimides. The value of m may be l accordingly. • 

>hTpresence of o-aminophenol not onlv provides the phenolic end-caps but also serves as a cham- 
stopper. For the siloxane-modified polyimides. the molecular weight range :an be about 5000 o about 
So SoO with a preferred range being about 10.000 to about 100.000. Non-siloxane contain.ng polyim.des 
!;th pheno end caps of the same molecular weight can also be used as long as they are soluble .n polar 
iris Some polyimides. such as. ULTEM polyimlde (General Electric Co.) XU-218 poly.m,de (C.ba 
GeiQv) and PT 2080 (Upjohn) if modified with phenolic endcaps are suitable. However as menfoned ear her. 
These .Materials are only soluble in polar solvents that are difficult to remove and are therefore not as 
advantageous as the siloxane-containing polyimides. In this molecular weight range the polym.des obtained 
can be applied as a solution in combination with the epoxy resin, to the appropriate P^'^'^^ ^^'^^"^l^"^^^ 
substrate For this purpose polar solvents are employed. Suitable polar solvents include N.N-d.amethylfor- 
maS N N-dimethyLet^ide. N.N-diethylformamide. N.N-dlmethylsulfoxide. N-methyl-2-pyrrohdone. 
pyridine, dimethylsulfone. phenol, and dimethyltetramethylenesulfone. 

Those polyimides that are insoluble but fusible can be applied to substrates as a melt. In th.s case the 
,5 polyimide is first heated to a maximum temperature of about 175 C and then the epoxy resin .s blended 
in. To preclude premature crosslinking or curing of the epoxy. blending must be done rapidly and then the 

"Te'pXJ-iC'oxy blend can be coated onto the chosen susbstrate. such as a ceramic base of a 
semiconductor device by extrusion, vacuum forming, transfer molding, spraying, spinning, dip coating. 

20 fluidized bed coating and the like. j ir, 

Polyimides containing siloxane have been prepared using bis-aminoalkyi siloxanes and are disclosed in 
U.S. 3,740.305 and 4.030,948. While useful as protective coatings for semiconductors and other electronic 
devices, they exhibit the defect of lack of solvent resistance. 

The preparation of aminosiloxanes useful in this invention is known in the prior art. An exampe is 
British Pat No 1 062,418 and U.S. 4,395,527. incorporated herein by reference, where the reaction of the 
sorm salt of a phenol or naphthol with a gamma-haloalkyi silane is disclosed. Yields of at least 85% can 
be achieved when a compound of the formula: 

where%^= H or halogen. M = alkali or alkaline earth metal and Q and Z are as defined above, is reacted 
30 With a bis (halohydrocarbyl) disiloxane of formula: 

I I 
X— O— Si— O— Si— O— X 
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Where X is halogen and Rand D are as defined above, at ambient temperature and pressure in the 
presence of a dipolar aprotic solvent, as for example, dimethyl sulfoxide. N.N-dimethylformam.de. 
tetramethylurea, N-methyl-2-pyrrolidone or hexamethylphosphoramide. .... 
A preferred siloxane-modified polyimide can be synthesized by the condensation polymenzation of: 
(I) a dianhydride having the generic formula; 

0 0 
II I 

c 

\/ \/ 

n I 

0 0 



« wherein X is at least one of the following: >C0, -0-. -S-, -SO^- or a valence bond and Ar is an arylene 
orouD havino 6 to about 10 carbon atoms; . . _ :„ 

(II) an aromatic etherdiamine having diether linkages and either an arylheteroaryl bridging group in 
which the hetero atom is sulfur or oxygen or a bisphenol A residue bridging group: 
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(III) a siloxane modified aromatic ether diamine; and 

(IV) an arene substituted with an amino and a hydroxyl group. 

The ratio o f the anhydride equivalence to the total amine equivalence (the diamine plus the 
5 aminophenol) Is about ^:^ . 

Specific, preferred species of the reactants delineated above are: 

(I) 4,4»-bis(3,4-<licarboxyphenoxy)<llphenyl sulfide 
10 dianhydride 



75 



20 




(II) 2,2-bisC4-(£-aminophenoxy)phenyl] propane 

25 

. . CH 

CH 

3 

and 

35 

2,2-bisC4-.(B.-aminophenoxy)phenyl] sulfone 

40 
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A mixture of aromatic diamines can be used to synthesize the polyimides of this invention. For 
example, it is preferred to use about 25-50 mole % of 2,2-bis[4-(p.aminophenoxy) phenyl]propane and 50- 
75 mole'% of a diaminopolysiloxane. It is even more preferred to use about 35 mole % of the former and 
about 65 mole % of the latter. A preferred diaminopolysiloxane is bis(m-aminophenoxybutyl)- 
hexadecamethyloctasiloxane. ^ . . ^ ^ 

While the exact molecular architecture of these macromolecules has not been ascertained, it is believed 
that the radical residua of structures II and 111 can be randomly distributed with I in the backbone structure 
or they can be present as groups or blocks of I or II as well as groups of I and III. These moieties are the 
residues left after imide linkages are formed from the reaction of the anhydride and amino groups of 
structures 1, II and II! respectively- The terminal or end groups are 



75 



20 



groups where the N forms part of an imide linl<age arising out of the reaction of p-aminophenol with a chain 

terminating anhydride group. . ^ ^ . ^ , ^ .u 

Typical of th e epoxy resins of this invention are the polyglycidyl ethers of polyhydric phenols, and other 
epoxy resins having a minimum of two and suitably three or four and more epoxy groups, ie., 



CH2 CH — 

25 \ / 

^0 



per molecule and can be saturated, unsaturated aliphatic, cycloaliphatic, aromatic, or heterocyclic and can 
be substituted with, for example, hydroxy! groups, halogen atoms, ether radicals and the like. Among the 
suitable di-and polynuclear phenols suitable for preparation of polyglycidyl ethers are the bisphenols 
described by Bender et al. in U.S. Patent 2,506,486 and polyphenols such as the novolac condensation 
product of a phenol and a saturated or unsaturated aldehyde containing on an average of from 3 to 20 or 
more phenylol groups per molecule (cf. book by T.S. Carswell entitled "Phenoplasts," published in 1947 by 
Interscience Publishers of New York). Examples of suitable polyphenols derived from a phenol and an 
unsaturated aldehyde such as acrolein, are the triphenylol. pentaphenylols and heptaphenylols descnbed m 
U S Patent No. 2,801,989, and U.S. Patent No. 2,885,385 both by A. G. Farnham. 

Generally, these polyglycidyl ethers of polyhydric phenols are prepared by the reaction of an 
epihalohydrin with a polyhydric phenol under basic conditions. The polyhydric phenol can be mononuclear 
such as resorcinol, catechol, methylresorclnol or hydroquinone, or may be di- or polynuclear. 

The polyhydric polynuclear phenols can consist of two or more phenols connected by such groups as 
alkylidene alkylene, ether, ketone or sulfone. The connecting groups are further exemplified by the 
following compounds: bis(p -hydroxyphenyl) ether, bis(p-hydroxyphenyl) ketone, bis(phydroxyphenyl)- 
methane, bis(p-hydroxyphenyl)dimethyl methane, bis(p-hydroxyphenyl)ben2ophenone, 1 ,5-dihydroxynaph- 
thalene bis(p-hydroxyphenyl) sulfone or a trisphenol or a tetraphenol. 

Preferred as the epihalohydrin for reaction with the above polyhydric phenols are epichlorohydnn, 
glycerol dichlorohydrin. S-chloro-l .2-epoxy butane, 3-bromo-1 ,2-epoxy hexane, and 3-chloro-l ,2-epoxy 
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55 



octane. 



Other polyepoxides such as bis(2.3-epoxycyclopentyl) ether. 3.4-epoxy-6-methylcyclohexylmethyl. 3.4- 
epoxy-6-methylcyclohexanecarboxylate. vinyl cyclohexene dioxide and dicyclopentadiene dioxide can also 

be used. 

other epoxy resins that can be employed herein are the epoxylated novolac resins. Novolac resins are 
prepared by the condensation of phenol with an aldehyde, or more generally, by the reaction of a phenolic 
compound, having two or three reactive aromatic ring hydrogen positions, with an aldehyde or aldehyde- 
liberating compound capable of undergoing phenol-aldehyde condensation. 

Illustrative of phenolic compounds are cresol, xylenol. ethylphenol, butylphenol. isopropylmethox- 
yphenol. chlorophenol. resorcinol, hydroquinone, naphthol, 2.2-bis(p-hydroxyphenol) propane, and the like. 



7 
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Illustrative of aldehydes are formaldehyde, acetaldehyde. acrolein, crotonaldehyde, furfural, and the like. 
Illustrative of aldehyde-liberating compounds are for, example, paraformaldehyde, formalin and 1.3-5- 
trioxane. Ketones such as acetone are also capable of condensing with the phenolic compounds, as are 
methylene engendering agents such as hexamethylenetetramine. 

The condensation reaction is conducted in the presence of an acidic catalyst using less than six moles 
of aldehyde per seven moles of phenol. The novolac resins thus produced are permanently fusible and 
soluble. When the condensation reaction is completed, if desired, the water and other volatile materials can 
be removed by distillation and the catalyst neutralized. 

In a typical synthesis, novolacs are prepared by heating one mole of phenol with 0.8 mole of an 
aldehyde under acidic conditions. The temperature at which the reaction is conducted is generally from 
about 25 ' C to about 175 * C. 

The epoxylated novolac resins used in this invention can be prepared by the epoxidation of the novolac 
by methods well known in the art. as for example, by reaction with an epihalohydrin as described in Epoxy 
Resins by H. Lee and K. Neville, McGraw Hill Book Co., page 195. N.Y.C. 

Still another class of useful epoxy resins is derived from the reaction of an epihalohydrin with 
connpounds containing reactive hydrogen atoms. Representative of this class are the glycidylamines, such 
as, N.N.N ,N -tetraglycidyl-4,4'-methylenebisbenzamine. Other epoxy resins known to those skilled in the art 
can also be used if desired. 

Although the amount of epoxy resin used in the claimed compositions is not critical, the amount should 
be sufficient to crosslink and harden the phenolic end-capped polyimide. It is preferred to use about 1 to 
about 25 parts per hundred of the phenolic end-capped polyimide resin (phr). A more preferred range is 
about 1 to about 10 phr. 

In using these crosslinkable phenolic end-capped polyimide resins for depositing solvent and flux 
resistant films on semiconductor devices in particular and substrates in general, it is preferred to first 
deposit a dispersion of the resin in a solvent or diluent on the surface to be coated to afford a coated 
substrate which is then heated at about J 00 *C to about 225 *C until a film forms. Preferred temperature 
ranges are about 150"C to about 20O'C, Heating time is not critical, although the higher the curing 
temperature the faster the cure or film formation will be. The deposition can be effected by screen printing 
where the nature of the substrate requires it. 

No catalysts are required for the crosslinking operation. This is fortuitous since it permits the mixing of 
polyimide and epoxy resin into a single package composition. Heating alone suffices to induce the 
crosslinking operation. Catalysts can be used however, if desired, although this necessitates the use of two 
package systems unless latent curing agents are employed. When used, suitable catalysts include organic 
acids, organic acid anhydrides, tertiary amines, and the like. 

Embodiments of the invention are described in the examples that follow. All parts and percentages are 
by weight unless otherwise specified. 



EXAI^PLE 1 



Preparation of Phenol End-capped Polyimide 



A 75 gallon reaction vessel equipped with a stirrer, temperature recording and controlling means and a 
reflux column fitted with a moisture trap was charged with 7631 grams of 4.4'.bis{3.4-dicarboxyphenoxy). 
diphenyl sulfide dianhydride (structure I). 8047 grams of bisf4-{p-aminoDhoxv)phenyn sulfone structured I). 
244 grams of g-^minQPhenol. 37.5 grams of p-toluenesulfonic acid, and 262 lbs of monochtorobenzene as a 
solvent.The mix was heated at reflux temperature for about 6 hours. During this period about 40 lbs of 
monochlorobenzene was removed as an azeotrope with water in a phase splitter used as the moisture trap. 
The stripped monochlorobenzene was replaced with dry solvent followed by the addition of 102 lbs of N- 
methyl-2-pyrrolidone. The reaction product was precipitated in methanol.filtered and the phenol end-capped 
polyimide dried overnight ©75* C in a vacuum oven. The dried polyimide was dissolved in N-methyl-2- 
pyrrolidone to form an 18% solids solution. This polyimide has units of the structure; 
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where n'is an integer having values of 1 to about 10. End caps are afforded by the condensation of ^ 
j^ fninnphenol with terminal anhydride groups producing p-hydroxyphenylimide groups . 

Films of this polyimide were cast on glass plates. 6"x 6"x 0.25" by effecting 10 mil wet drawdowns with 

a doctor blade of 18% solids solution in N-methyl-2-pyrroiidone. The resultant films were dried overnight at 
20 125'C. Solvent resistance of these films was evaluated by placing one drop of N-methyl-2-pyrrolidone on 

three different areas of each plate and covering the drops with a watch glass to prevent solvent evaporation. 

These samples were checked periodically for solvent attack by rubbing the solvent treated areas with a 

paper towel. After 10 minutes contact time with the solvent, complete dissolution of the polyimide took 

place evincing zero solvent resistance to N-methyl-2-pyrrolidone. 
25 The solvent resistance test described above was repeated with the same polyimide (18% solids 

solution) with the exception that 0.018 grams(1.44 phr) of Quatrex 2010 (an epoxy novolac resin having an 

epoxide equivalent weight of 178 and a viscosity of 35,000 cs at 25' C available from Dow Chemical U.S.A. 

at Midland, Michigan) was added. Films were cast and dried as above. The dried films when evaluated for 

solvent resistance as above were still intact after 3 hours although they developed a dull appearance. This 
20 was interpreted as evidence of solvent resistance. 



EXAMPLE 2 

35 



Preparation of Siloxane-Containing Phenol End-capped Polyimide 



40 To a 3 liter round-bottom flask equipped with a stirrer, thermometer, nitrogen inlet tube, reflux 
condenser, two distillation columns, modified Dean-Stark moisture trap and heating mantle was charged the 
following: 

10l7,6g monochlorobenzene 

1l.55g(0.28 moles) 2.2-bis[4-(p-aminophenoxy)phenyl]propane plus 50g monochlorobenzene 
^5 46.87g(0.053 moles) bis(m-amTnophenoxybutyl)hexadecamethyloctasiloxane plus lOOg monochlorobenzene 
0.267g p-aminophenol plus 10 g monochlorobenzene 

This" mixture was stirred until solution was effected. Then 11.55 g (or 41.62g) 4,4 ■bis(3.4-dicarbox- 
yphenoxy)diphenyi sulfide dianhydride plus 100g monochlorobenzene and 0.2g p-toluenesulfonic acid in 
lOg monochlorobenzene were added, 
so This reaction mixture was heated at reflux for 1-2 hours during which time 2l4.6g of distillate were 
topped off. Refluxing was continued for 12 hours. The mixture was allowed to cool to room temperature with 
stirring. Then 308g of N-methylpyrrolidone were added with stirring. The resultant polymer, a siloxane 
containing, phenol end-capped polyimide was precipitated by adding 500 ml of the reaction mixture into 
3500 ml of rapidly stirred methanol at room temperature. The precipitated polyimide was allowed to settle 
S5 and the supernatant liquid siphoned off. The polyimide was suspended again in 2500 ml of fresh methanol 
and stirred vigorously for 15-20 minutes. The polyimide was again allowed to settle and the supernatant 
liquid siphoned off. The polyimide was filtered through coarse filter paper using a Buchner funnel, washed 
with 1000 ml of methanol and dried with suction for about 10 minutes. The polyimide was air dried 

9 
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overnight and then oven dried at 70* C for 16-24 hours. 

Films of the condensation polymer obtained above were cast and tested as in Example 1 . They showed 
little solvent resistance to N-methyl-2-pyrrolidone, dissolving in 10 minutes. 

This same condensation polymer with about 8 phr of Quatrex 2010 added showed solvent resistance for 
5 18 hours in the same test. Again, there was a dulling of the film surface. 



EXAMPLE 3 

TO 

Poiysiloxane-Containing, End-capped Polyimide Paste 



15 A paste of the polyimide prepared in Example 2 (35% wt/vol) in diglyme (dimethyl ether of diethylene 
glycol) was cast on glass plates and dried to a film 1 mil thick for 3 hours at 180* C or 200* C respectively. 
Additional paste samples containing about 0.4%, 1.0%. 2.0% and 4.0% of Quatrex 2010 were also cast to 1 
mil films as above. 

A typical commercial paste contains minor amounts of a silica filler such as Cab-O-Sil PTG and a 
20 surfactant, such as Dow Corning DB-100 paint additive silicone surfactant. 

Solvent resistance of the cast films was first measured by placing drops of Freon TMC (a mixture of 
Freon 1 12 and methylene chloride, 1:1) on the film samples as in Example 1. 
A more rigorous solvent resistance test is described below. 

Two layers of Scotch tape were placed on each side of O.S^xl.S"* ceramic coupons flush with the edge. 

25 The tape strips were about 3 mils thick. A drop of the paste described above was placed on the exposed- 
(untaped) section of the ceramic coupons and drawn down to a thickness of 1 mil. The tape was removed 
after razor edging the center sections and the coupons dried first for one hour at 120*C and then for 3 
hours at 180'C. The coupons were now exposed to boiling Freon TMC vapors for 8 minutes, then 
immersed in boiling Freon TMC for 10 minutes and finally exposed to boiling Freon TMC vapors again for 8 

30 minutes. Those specimens which were classed "solvent resistant" showed no deterioration from this 
treatment. 

The flux resistance test is the same as the solvent resistance test up to the point of exposure to the 
Freon TMC. At this stage an abietic acid, non-activated flux in isopropanol (available from the Alpha Metals 
Co. of Jersey City, N.J. as Alpha 4308) was swabbed over the dried paste. The coupons were then run over 

35 a Brown Belt Solder Reflow Unit conveyorized track passing through two hot zones, one at 180*C and a 
second at 260 'C. This treatment causes the flux to flow simulating flux reflow in a soldering operation. At 
this point the coupons were treated as in the solvent resistance test above with successive exposures to 
Freon TMC. Failure is indicated when the film is dissolved off the coupons by the Freon TMC. 

The evaluation data presented in Table 1 show that samples containing no epoxy resin failed the 

40 solvent and flux resistance tests. Samples containing 0.4% epoxy resin were solvent resistant but not flux 
resistant. 

Samples containing 1 to 4% epoxy resin were both solvent and flux resistant after drying for 3 hours at 
180' or 200* C. 

45 
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Coating Dried @180"C 
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No 
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No 


Yes 


No 


10 
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2.0 


Yes 


Yes(b) 


Yes 


Yes(c) 




4.0 


Yes 


Yes(c) 


Yes 


Yes{c) 



(a) some discoloration 

(b) slight discoloration 

(c) very slight discoloration 
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Example 4 
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Preparation of 2.2'bis[4-(p-aminophenoxy)phenyl]propane 

Another preferred diamine used in the synthesis of polyimides of this invention is 2,2.bis[4^(p- 
aminophenoxy)phenyl] propane. It can be prepared as follows. Into a 2 liter. 3.necked flask equipped w.th a 
rrrer nirogen inlet tib^^ condenser, heating mantle and Dean-Stark moisture trap .s charged under 

an atmosphere of nitrogen a mixture of: 
Bisphenoi A [2,2-bis(p-hydroxyphenyt)propane] 221 .4 g 
5% Aqueous NaOH Solution 155.2 g 
Toluene 500 mi 

Dimethvl sulfoxide 500 ml . - ^ ^ 

This mixture is heated to reflux temperature and water removed as an azeotrope in the moisture trap. 
After about 6 hours the sodium salt of Bisphenoi A begins to crystallize out of solution^ 

The reaction temperature is lowered to about 70* C and 306g of E'^^'^^^^'f ^^^"f "^/^^f^^^^^^^^ 
flask maintaining the temperature at 70 " C overnight. The reaction mixture is cooled, f.ltered and stnpped 
f ee oTSene under vacuum. A yellow solid. 2.2.bis[4.(p-nitrophenoxy)phenyi]propane. P^e-P'ta^^^^^^^^^^^ 'S 
isolated by filtration. Fifty grams of the precipitate are dissolved in ^^^^'^^'l'^^^^^^ 
Ranev nickel added. This mixture is hydrogenated in a Paar hydrogenation bomb at 50 psig and 80 a 
When hydrogen absorption ceases, the bomb contents are filtered and poured slowly into an excess of 
water The product. 2.2-bis[4.(p-aminophenoxy)phenyl]propane, can be crystallized from toluene-hexane. 

Other organic diamines that can be used in preparing polyimides for this invention include: 
m-phenylenediamine 
p^phenylenediamine 
4,4'-diaminodiphenylpropane 
4.4 -diaminodiphenylmethane 
benzidine 

4,4 -diaminodiphenylsulfide 

4.4 - diaminodiphenylsulfone 
4,4'-diaminodophenyl ether 

1 .5- diaminonaphthalene 
m-xylytenediamine 

D^xvivlenediamine, and mixtures thereof. ... -^^^^ ..eaf..i 

- Exemplary slloxane-containing diamines which lend themselves to the preparation of poly.m.des useful 

in this invention include: 
bis(gamma-aminopropyl)tetramethyldislloxane 
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bis(p-aminophenylthiobutyl)tetramethytdisiloxane 
bis(m-aminophenoxypropyl)tetramethyldisiloxane 
bis(p-aminophenoxybutyl)tetramethylciisiIoxane 
bis(p-aminophenylsulfoxobutyl)tetramethyldisiloxane 

bis(p-aminophenylcarbamoylpropyl)tetrannethyldisiioxane. and mixtures thereof. 



Example 5 



Preparation of Bis(p-aminophenylthiobutyl)tetramethyldisiloxane 
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A representative synthesis of this disiloxane is presented below. 

A glass reactor is charged with 43.28 parts of a 50% aqueous NaOH solution, 112 parts 
dimethylsulfoxide(DMSO), 120 parts toluene and 68.75 parts of p-aminothiophenol. The mixture is heated to 
boiling under an nitrogen atmosphere with rapid agitation. Water is removed by azeotropic distillation. The 
temperature of the reaction mass increases from 110* C to about 122' C while stirring for about 7-8 hours. 
The reaction is cooled to about 80 *C and 86.6 parts of bis(chlorobutyl)tetramethyldisiloxane is added 
dropwise to the reaction mixture. The reaction mixture is heated for an additional 16 hours. 

The course of the reaction is followed by examining samples with vapor phase chromatography. The 
mixture is filtered and the solvents removed by vacuum distillation. The product is recovered as a distillation 
cut at 310' C to 315* C at 0.1-0.5 mm. The chemical structure is confirmed by infrared spectroscopy. 

Although the invention has been described with a certain amount of particularity, it is understood that 
the present disclosure has been made only by way of example and that numerous changes can be made 
without departing from the spirit and the scope of the invention. 
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1 . A coating composition comprising a blend of a phenoxy end-capped polyimide and a crosslinking 
amount of an epoxy resin having at least two 1,2-epoxy groups per resin molecule. 

2. A coating composition according to claim 1 wherein the polyimide is present as a solution in a polar 
solvent, or as a mett. 

3. A coating composition according to claim 1 or claim 2 wherein the polyimide has the formula: 
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HO 
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wherein n is an integer having values of 0 to about 200. 

A is a tetravalent residue of an aromatic dietherdianhydride having the formula: 
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Where W is -0- -S-. -SO2-, linear or branched alkylene or alkenylene having 1 to 8 carbons or -(R)C(L). 
wJe e n^6 l are the same or different lower alkyls having 1 to 8 carbons or lower alkenyl or substituted 
; unsubsmJted Jyi groups of 6 to 24 carbons amd m is 0 or 1 and Y is one of the fo.low.ng or a rT„xture 

"^^^^°{a) a divalent residue of an aromatic dietherdiamine having the formula: 
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0-G-O 
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wherein G is a substituted or unsubstituted group of the formula: 



35 




Where E is -S-, -SOs-. linear or branched alkenyl or alkenylene of 1 to 8 carbons or -(R)C(Lh where R. L 
and m are as defined above, and 

(b) a divalent residue of a diaminopolysiloxane having the formula: 



45 



I 

H Nf-Q-Zf-D-Si- OSi 



m 



I 

OSi— 
I 



I 

OSi 

I 

_R' • 'Jj 



I 

-OSi-D(Z-Q-^ NH 



I 

R' 



m 



so 

wherein 

Z is TdivaTent oxygen, sulfide, sulfone. sulfoxide or carboxylic ester or amide group 
D is a hydrocarby.lene group 
55 r', r". r- and r"" are the same or different alkyls containing 1 to 9 carbons, and 
x. y and z are integers having values of 0 to 100. 
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4. A coating composition according to claim 3 wherein Y is a mixture of (a) and (b) and the mole ratio of 
(a) to (b) is between about 10:90 and about 90:10. 

5. A coating composition according to claim 3 wherein the aromatic dietherdianhydride is bi$[p-(3.4- 
dicarboxyphenoxy)phenyl] sulfide dianhydride. and/or the aromatic diamine is 4.4'-bls(p-aminophenoxy)- 

5 diphenyl sulfone. 

6. A coating composition according to claim 3 wherein the aromatic diamine is a mixture of about 25-50 
mole % of 2,2-bis[4-(p-aminophenoxy)phenyl]propane and about 50-75 mole % of a diaminopolysiloxane. 

7. A coating composition according to claim 6 wherein the diaminopolysiloxane has the structure 




8. A coating composition according to any one of the preceding claims wherein the crosslinking amount 
of epoxy resin is from about 1 to about 25 parts per hundred parts by weight of polyimide. and preferably 
from about 1 to about 10 parts per hundred parts by weight of polyimide. 

9. A coating composition according to any one of the preceding claims wherein the epoxy resin is a 
glycidylamine. an epoxylated novolac resin or a polyglycidylether of a polyhydric phenol. 

10. A process comprising manufacture of a coating composition according to any one of the preceding 
claims. 
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